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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the claims in the patent application 
identified above, before calculating the total amount of filing fee required for that application. 
In the Claims 

Please amend the following claims: 

Claim 4, line 1, delete "loc" and substitute -lock--. 

Claim 5, line 1, delete "one more punches" and substitute -one or more punches--. 

6. (Amended) A process according to any of [claims 1 to 5] Claim 1 wherein 
the material for forming the first tubular element is selected to be the same as the material for 
forming the first tubular element is selected to be the same as the material for forming the second 
tubular element. 

7. (Amended) A process according to [any of claims 1 to 5] Claim 1 wherein 
the material for forming the first tubular element is selected to be different to the material for 
forming the second tubular element. 
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8. (Amended) A process according to Claim 6 [or 7] wherein the wall 
thickness of the first tube is selected to be the same or different to the wall thickness of the second 
tube. 



9. (Amended) A process according to [any preceding claim] Claim 1 wherein 
a barrier layer is located [inbetween] between the inner and outer end portions prior to radial 
expansion. 
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The Applicants request entry of this amendment and awaits examination in due 

course. 
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TUBULAR CONNECTION 



The present invention relates to a process for joining tubular 
elements and to a product formed from tubular elements joined by the 
process. 

In the construction of tubular components such as structural 
components for a vehicle, it is often desirable to join end to end a pair of 
tubular elements. Conventionally this is normally achieved by welding or 
rivetting the tubular elements together. 

However, where the materials of the tubes are different, jointing by 
welding or brazing may not be possible due to the incompatibility of the 
materials. For example such as in the case for steel and aluminium. 

In addition, the different materials may be reactive and cause mutual 
corrosion when in contact. Again tubular elements of such materials 
cannot be joined by conventional welding or brazing techniques. 

A general aim of the present invention is to provide a process of 
joining tubular elements which may be of different material and which 
overcomes disadvantages arising from the incompatibility of the different 
materials. 

Accordingly, it is possible with the present invention to construct 
structural tubular components having tubular elements of different materials 
connected end to end. For example, a tubular element formed from steel 
may be joined to a tubular element formed from aluminium. 
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According to one aspect of the present invention there is provided 
a process for forming a tubular component including at least a first tubular 
element connected end to end with a second tubular element, the process 
including locating an end portion of the first tubular element within an end 
portion of the second tubular element to thereby define respective inner and 
outer overlapping end portions, hydro-forming the overlapping end portions 
to radially expand the inner end portion into face to face contact with the 
outer end portion and in the region of the expanded overlapping end 
portions, mutually deforming the inner and outer end portions to define one 
or more mechanical lock formations for preventing relative axial movement 
between the first and second tubular elements. 

In this specification the term 'hydro-forming ' includes any forming 
process which utilises a pressurised hydraulic fluid for deforming an 
element; the pressurised hydraulic fluid may be a solid such as small solid 
balls which collectively act as a fluid; a liquid such as a suitable oil; or a 
gas such as steam. The hydro-forming process is performed within a die 
and may be performed at cold or warm temperatures. 

According to another aspect of the present invention there is 
provided a first tubular element connected end to end with a second tubular 
element by a connecting joint, the joint comprising inner and outer 
overlapping end portions formed from respective said first and second 
tubular elements, the inner and outer end portions being radially expanded 
into face to face contact by hydro-forming deformation, and one or more 
mechanical lock formations defined by mutually deforming the overlapping 
end portions. 
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Various aspects of the present invention are hereinafter described 
with reference to the accompanying drawings, in which 

Figure 1 is a schematic perspective view of a structural tubular 
component including a pair of tubular elements joined together in 
accordance with the present invention; 

Figure 2 is a part longitudinal sectional view taken along line II-II 
in Figure 1; 

Figure 3 is a schematic, broken away, part perspective view 
showing one end of a tubular element after jointing; 

Figure 4 is a schematic cross-sectional illustration of a hydro- 
forming die including a punch for forming a mechanical lock formation; 
and 

Figure 5 is a schematic longitudinal sectional illustration of a hydro- 
forming die. 

In accordance with the present invention, two tubular elements or 
tubes 12,14 are joined together in end to end fashion by a joint 16 so as to 
combine to form a composite tubular component 15 which has desired 
structural integrity along its entire length. 

Accordingly the joint 16 is formed so as to prevent relative axial 
movement of the tubular elements 12,14 and also prevent relative rotation 
therebetween about their longitudinal axes. The joined tubes 12,14 are 
therefore able to accommodate tensile loads which attempt to pull the tubes 
12,14 axially apart, compressive loads which attempt to push the tubes 
12,14 axially toward one another and torsional loads which attempt to cause 
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relative rotation between the tubes 12,14. 

It is possible, therefore, to use tubular components consisting of 
joined tubes 12,14 in a variety of applications. For example, they may be 
used as a structural component in vehicle manufacture, or for example, as 
a drive transmission shaft. 

The joint 16 is defined by an end portion 14a of tube 14 being 
received within end portion 12a of tube 12 such that end portion 12a 
overlaps and encloses end portion 14a. In accordance with the invention, 
the overlapping end portions 12a, 14a are formed such that the outer face 
14b of the internal end formation 14a is in face to face contact with the 
inner face 12b of the external end formation 12a. 

Preferably the cross-sectional shape of the internal and external end 
portions 12a, 14a is non-circular so as to create a mechanical interaction for 
preventing relative rotation between the tubes 12,14. 

In order to prevent axial separation of the tubes 12,14 mechanical 
lock formations 20 are provided at selected locations in the region of 
overlap between the overlapping end portions 12a, 14a. The mechanical 
lock formations 20 may take the form of ribs 21 which generally extend in 
the circumferential direction of the tubes 12,14. Ribs 21 may extend 
entirely around the circumference or many only extend partially around the 
circumference. Several ribs 21 may be provided which are spaced axially 
from one another along the tubes 12,14. 

The mechanical lock formations may also be in the form of dimples 
23. The dimples 23 may be spaced both circumferentially and axially from 
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one another. The number of ribs 21 and/or dimples 23 provided and their 
locations is chosen, bearing in mind the amount of resistance necessary for 
accommodating axially applied loads. 

It is envisaged that bonding compounds may be located between the 
inner and outer faces 12b, 14b respectively in order to supplement the 
mechanism lock formations. 

It is also envisaged that an isolation layer, such as a metal foil, may 
be located inbetween inner and outer faces 12b, 14b respectively in order 
to physically isolate the tube end portions 12a, 14a from one another and 
thereby define a barrier to prevent reaction between the materials of 
respective tubes 12,14. 

In accordance with one aspect of the present invention, the joint 16 
is formed by a hydro-forming process; the hydro-forming process utilising 
either hot or cold fluid. 

To create joint 16, one end of tube 14 is inserted within an end of 
tube 12 and both tubes 12,14 are located in a hydro-forming die. Hydro- 
forming is performed at least in the region of the overlapping region of 
tubes 12,14 thereby causing the end portion 14a of tube 14 to expand 
radially outwardly to press against the inner face 12b of tube 12. 
Thereafter further radial expansion causes both end portions 12a, 14a to 
expand together outwardly to take the shape of the surrounding die. 

It is envisaged that the lock formations 20 may be simultaneously 
formed during radial expansion of the end portions 12a, 14a by the 



5 



provision of suitably shaped projections formed in the die. 

This way of forming the mechanical formations 20 is suitable in 
solutions where axial flow of the tubes 12,14 is not required during the 
hydro-forming process. 

In situations where axial flow of the tubes 12,14 is required during 
the hydro-forming process, for example for the formation of deep 
projections 30 (Figure 5) it is envisaged that the hydro-forming process is 
completed before forming the lock formations 20. In this respect, the 
region 31 of the die corresponding to the region of overlap between tubes 
12,14 is left smooth without lock forming projections and so does not 
impede axial flow of the tubes 12,14 during the hydro-forming process. 

Accordingly on completion of the hydro-forming process the end 
portions 12a, 14a have been radially expanded so as to be in mutual face to 
face contact but will not include mechanical lock formations 20 for 
preventing relative axial movement between tubes 12,14. 

Preferably the mechanical lock formations 20 are created after the 
hydro-fonning process by a plurality of punches 33 located in region 31 of 
the die. Preferably the punches 33 are activated to punch mechanical lock 
formations 20 into the overlapping end portions 12a, 14a whilst fluid used 
for the hydro-forming process is retained under pressure within the tubes 
12,14. This enables relatively accurately shaped and deep lock formations 
to be produced. 

It will be appreciated that this method of forming lock formations 20 
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may be used for joining tubes 12,14 which do not require to flow axially 
during the hydro-forming process. 

It will be appreciated that the axial length L of the overlapping 
region of the end portions 12a, 14a is normally chosen to be long enough 
to give structural integrity between tubes 12,14. However it will be 
appreciated that the overlapping region is composed of two layers of 
material and so is reinforced with respect to the remainder of the tubes 
12,14. This region may therefore be usefully used in applications where 
reinforcement is required in a structural element, for example a hinge 
anchorage region in a vehicle door pillar. 

The present invention produces a joint 16 which provides a 
mechanical connection between the joined tubes 12,14. Accordingly the 
material of tubes 12,14 may be the same or different. If different the 
choice of the combination of materials which can be joined is not restricted 
by welding or brazing compatibility nor, if a barrier layer is used, by 
corrosive reactivity between the materials. 

When the materials of tubes 12,14 are different it is preferred that 
the tube 12 is formed from the less readily expandable material so that 
during the hydro-forming process, the more readily expandable material is 
located internally of tube 12 and so maintains a fluid seal between faces 
12b, 14b during radial expansion. 
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CLAIMS 

1 . A process for forming a tubular component including at least a first 
tubular element connected end to end with a second tubular element, the 
process including location an end portion of the first tubular element within 
an end portion of the second tubular element to thereby define respective 
inner and outer overlapping end portions, hydro-forming the overlapping 
end portions to radially expand the inner end portion into face to face 
contact with the outer end portion and in the region of die expanded 
overlapping end portions, mutually deforming the inner and outer end 
portions to define one or more mechanical lock formations for preventing 
relative axial movement between the first and second tubular elements. 

2. A process according to claim 1 wherein the mechanical lock 
formations are formed simultaneously with die radial expansion of the 
overlapping end portions during the hydro-forming process. 

3. A process according to claim 1 wherein the mechanical lock 
formations are formed subsequently to completion of the hydro-forming 
process which results in complete radial expansion of the overlapping end 
portions. 

4. A process according to claim 3 wherein the mechanical loc 
formations are formed by one or more punches which are operated to cause 
mutual deformation of the overlapping end portions, 

5. A process according to claim 4 wherein operation of said one more 
punches is performed whilst fluid used in the hydro-forming process is 
retained under pressure within the tubular elements. 
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6. A process according to any of claims 1 to 5 wherein the material for 
forming the first tubular element is selected to be the same as the material 
for forming the second tubular element. 

7. A process according to any of claims 1 to 5 wherein the material for 
forming the first tubular element is selected to be different to the material 
for forming the second tubular element. 

8. A process according to Claim 6 or 7 wherein the wall thickness of 
the first tube is selected to be the same or different to the wall thickness of 
the second tube. 

9. A process according to any preceding claim wherein a barrier layer 
is located inbetween the inner and outer end portions prior to radial 
expansion. 

10. A tubular component including at least a first tubular element 
connected end to end with a second tubular element by a connecting joint, 
the joint comprising inner and outer overlapping end portions formed from 
respective said first and second tubular elements, the inner and outer end 
portions being radially expanded into face to face contact by hydro-fonning 
deformation, and one or more mechanical lock formations defined by 
mutually deforming the overlapping end portions. 
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ABSTRACT 
TUBULAR CONNECTION 



A process for forming a tubular component including at least a first 
tubular element connected end to end with a second tubular element, the 
process including location an end portion of the first tubular element within 
an end portion of the second tubular element to thereby define respective 
inner and outer overlapping end portions, hydro-forming the overlapping 
end portions to radially expand the inner end portion into face to face 
contact with the outer end portion and in the region of the expanded 
overlapping end portions, mutually deforming the inner and outer end 
portions to define one or more mechanical lock formations for preventing 
relative axial movement between the first and second tubular elements. 

Figure 1 
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Fig. 4 



